The single most dreaded complication in severe malaria is cerebral malaria, but extracerebral serious complications are becoming frequent in endemic areas, which include hepatic dysfunctions with jaundice. Materials and Methods: This prospective case series study was undertaken to observe the clinical profi le in 81cases of complicated malaria presenting with jaundice out of 344 hospitalized patients diagnosed with acute severe malaria. Liver function tests were assessed and the patients were followed up to 4 weeks. Results: 85% cases with jaundice had Plasmodium falciparum (Pf) infection. Signifi cant fi ndings included a predominantly hemolytic jaundice (mean bilirubin 7.6 mg%, unconjugated 4.83 mg%, conjugated 2.79 mg%), raised ALT > AST (mean 101.2 vs.74.7 iu) and a mean prothrombin time of 3 sec > control. Acute renal failure was common (77%). No residual hepatic dysfunctions were detected in survivors on follow-up. Mortality was 10%, mostly due to delayed diagnosis and associated serious co-morbid conditions. Conclusion: Differentiating fulminant viral hepatitis with multi-organ failure and early treatment of associated complications are crucial to reduce mortality in malaria presenting with jaundice. Hemolytic jaundice with mild and relatively early reversibility of hepatocellular dysfunction usually points towards complicated Pf malaria. Histologically, there is mild hepatic derangement. Acute renal failure is commonly associated. Vivax malaria can also cause hepatic dysfunctions. Mere presence of jaundice does not increase mortality compared to those without jaundice
INTRODUCTION
Malarial epidemics in India have claimed a large number of lives in the last few decades. In Asia, the maximum cases of malaria occur in India. [1] The cause of resurgence of malaria in India may be due to altered ecology, drug resistance and vector resistance to insecticides. [2, 3] In the north-east India, Plasmodium falciparum (Pf) is the most common cause. Cerebral malaria is the single most important complication leading to mortality (∼80% of all malaria cases). But the extracerebral complications like acute renal failure, severe anemia and jaundice can be equally fatal. [4] Often due to their unusual presentations, they are initially misdiagnosed as viral hepatitis or gastroenteritis and can thereby lead to critical delay in initiating specifi c therapy. [5] The classical clinical spectrum of complicated malaria in India has some differences from those occurring in other parts of world. The north eastern state of Assam, India lies in the endemic belt of Pf malaria and almost regular annual epidemics occur here, but there are no data regarding the profile of malaria with jaundice from this part. This hospital-based study was undertaken with the aims of studying the clinical profile of patients with acute malaria and hepatopathy. 
RESULTS AND OBSERVATION
Group A consisted of 61 males; 20 non-pregnant females; (mean age 27 +/− 11.6 years, range 15-46 years) and had fever for a mean duration of 4.2 days (range 2-7 days). Group B (n: 263) had a mean age of 36 ± 9.87 years [ Table 1 ].
In the present study, hepatic dysfunction manifesting with signifi cant jaundice and raised transaminases were found in 81 (24%) of 344 cases of acute malaria. Predominantly conjugated hyperbilirubinemia was seen in 19 (6%) cases and unconjugated hyperbilirubinemia in 55 (16%) cases. Raised transaminase(s) > 2xULN was present in 59 (22%) cases whereas >3xULN was seen in 22 (13%).
In Group A, icterus was clinically present in all cases. Of them, 19 (23%) had a history of malaria without jaundice and 7 (9%) had history suggestive of viral hepatitis. Majority (85%) showed Pf infection, and 4 cases (5%) had Plasmodium vivax (Pv). Mixed infection was observed in 8 cases (10%), of which 2 had mixed infection on admission, while the other 6 initially showed Pf infection and subsequently found to be positive for Pv infection. 72 cases showed asexual ring forms while both gametocytes and trophozoites were present in 9 Pf cases. All patients had fever, being irregular in 22 patients, and with chill and rigors followed by sweating in 59 cases. Vomiting was present in 51 (63%) cases. Altered sensorium/restlessness was present in 62 (77%) cases and they had associated acute renal failure (ARF). Some comparative characteristics of the groups A and B are shown in Table 1 .
Medical records of 83% of cases showed them to be inadequately treated with quinine and i.v. fl uids outside before referral to our hospital.
Relevant biochemical parameters on admission were: Hemoglobin 8.68 gm% +/− 1.11 (range 4.2 to 11 gm%), serum bilirubin A total of 57 cases (70%), including those with hyperparasitemia had hypoglycemia <60 mg%, whereas 2 cases were subsequently found to be diabetic. Acute viral hepatitis serology was negative in all patients. G-6-PD defi ciency was found in 9 cases. Hyponatremia (<130 mmol/l) was present in 44 (54.32%) cases. 6 cases had hemoglobinuria.
Dialysis was done as per Nephrology consultation, at an average of 2.6 days after hospitalization in 62 cases who had ARF [(oliguric (n:47) or anuric (n:14)]. Total of 56 cases were subjected to peritoneal dialysis (n: 31) and hemodialysis (n: 25). 49 cases needed multiple sittings.
In Group A, hyperparasitemia (Pf) was found in 19 cases. Of them, 8 patients expired within 72 hours of hospitalization (10% mortality) and had associated serious co-morbidities. None with either G6-PD defi ciency or hemoglobinuria expired.
Serious co-morbidities [n:22] at presentation [ Table 2 ] were gastro-intestinal (GI) bleeding (2), shock (14) , septicemia (3) and gastroenteritis (3).
Liver biopsy did not show any pigment and fi brosis in the liver tissues. Swelling of hepatocytes was universal whereas spotty necrosis was seen in 5 cases. Infi ltration with lymphocytes was predominant in 9 cases. Kupffer cell hyperplasia was seen in 2 cases. All cases were biopsied at an average of 4 days of hospitalization while on treatment and none expired.
DISCUSSION
Disease manifestations and immunity patterns to malaria strongly depend on the level of local malaria transmission; highest risk being in non-immunes, pregnant females and very young children. Age in our study group was signifi cantly lower than Group B, in spite of both groups belonging to endemic Pf belt. Only 2 cases of mixed infection were present on admission and is not uncommon in endemic areas with severe disease. In this study, it was found that Pv infection can also present with hepatitis features. Adults in endemic areas may have asymptomatic parasitemia. Although Group A subjects were likely to have been exposed to malaria in the past, still they developed jaundice for the fi rst time. It implies that immunity to malaria is acquired slowly and incompletely despite multiple exposures and is unstable and short lived. [6, 7] In malaria, hepatopathy is manifested by hepatomegaly, jaundice/hyperbilirubinemia, and raised aminotransferase levels, [8] but reportedly more common in adults than in children. [1] The term malarial hepatitis implies hepatocellular dysfunction in severe, complicated malaria; but hepatic parenchymal inflammation is reportedly very rare. [9] Hyperbilirubinemia and raised ALT levels to more than 3 times upper limit of normal (ULN) characterizes malarial "hepatitis" [10] , whereas others agree that enzymes are usually elevated 2-3 times the normal, [11, 12] which is in accordance with our fi ndings where majority of Group A had transaminasemia between 2-3 times ULN, AST being higher than ALT. According to WHO a bilirubin level >3 mg is rare in complicated Pf malaria, which is contrary to our fi ndings. In a study of 50 confi rmed cases of Pf malaria with jaundice, 18 patients had serum bilirubin <3 mg%, 20 patients had serum bilirubin between 3-10 mg% and only 12 patients had serum bilirubin values of >10 mg%. [12] The hyperbilirubinemia in malaria can be caused by breakdown of parasitized red blood cells (RBCs), direct hepatic involvement by sequestration, microangiopathic hemolysis and associated septicemia or viral hepatitis. [9] Two biological properties make Pf the most common cause of hepatitis in malaria: a. Recession of asexual parasites from peripheral circulation to intrahepatic capillaries for later stages of schizogony, and b. The adhesiveness of the infected RBCs to the vascular endothelium causing hepatic ischemia.
Additionally, local metabolic derangements, cytokines and endogenous pyrogens like Tumor necrosis factor (TNF)-alfa may also contribute. [13] [14] [15] Additionally, possible hepatic damage due to malarial infection via oxidative stress-induced mitochondrial pathway of apopto sis due to hydroxyl radical (OH) generation has been proposed. [16] Therefore, multiple factors are responsible for the hepatic dysfunction in severe malarial infection. This may not only be due to direct infl ammation of hepatocytes, but a failure of bilirubin excretion due to heavy parasitemia, endotoxemia, ischemia, acidosis or a combination of some or all of these factors. [9] Presence of higher ALT > AST levels in study group suggest some hepatic involvement. The prothrombin time in our series was signifi cantly high in Group A compared with Group B but coagulopathy was absent. In malaria, prothrombin time is usually normal, even in presence of marked elevation of enzymes. [11, 12] In adults, the reported incidence of hyperbilirubinemia in severe malaria varies from 32-37%, which is higher compared to our fi nding. In the majority of the cases, it is predominantly unconjugated hyperbilirubinemia. [17, 18] In our study group, 68% had unconjugated hyperbilirubinemia. Therefore, hemolysis can be taken as the major cause of the jaundice in our series but others report that conjugated fraction is dominant in patients with hepatopathy. [12] Also, it can be predominantly conjugated in blackwater fever and very severe disease, [19] thereby mimicking hepatocellular injury. This may then be confused with fulminant hepatitis in a background of severe systemic manifestations. [20] But presence of gross hepatocellular failure in malaria, although possible, should always raise the possibility of the presence of concomitant viral hepatitis [1, 2] which was absent in our series. Confusion with acute fulminant hepatitis, and possibly the delay in diagnosis led to the mortality (6 patients) in early part of the study period. Additionally, a large number of patients were treated inadequately outside. In our opinion, the presence of signifi cant anemia, predominantly unconjugated bilirubinemia in the majority, higher ALT levels (> AST), and with an absolute average enzyme rise, was helpful in distinguishing it from fulminant hepatic failure. One important clinical pointer was persisting fever after the appearance of jaundice, which is uncommon in viral hepatitis.
All our subjects were HbsAg negative, similar to the observation made in another Indian study [21] of Pf associated hepatitis. However, in a case control study involving over 1200 Gambian children with severe malaria, HbsAg carriage was a signifi cant association. [22] This may be related to impaired clearance of liver stage parasites in chronic carriers of HBV infection. The totally opposite fi nding in our study may have a molecular basis involving different human leukocyte antigen (HLA) status because HLA class II antigens protect against severe malaria. [23] Presence of ARF is generally the most common renal manifestation in complicated malaria [24] as was in our study group. All had altered sensorium. Cerebral malaria, hypoglycemia, hypoxia along with uremia due to renal involvement may all contribute to the encephalopathy in severe Pf infection. The high incidence of ARF in our series shows that jaundice may produce an adverse effect on renal function, probably by inducing increased vascular response to catecholamines, plasma renin activity, hyperuricosuria, natriuresis and left ventricular dysfunction as reported. [25] ARF is comparatively rare in children but when it occurs, it may be very severe. [4, 26] Hypoglycemia was frequently seen in this study. It is an aviodable cause of mortality and morbidity. In both the groups all expired cases had hypoglycemia. The causes may be inadequate intake/i.v. fl uids, hyperparasitemia, vomiting and improper monitoring.
Common histological feature of malarial hepatopathy are acute hepatocellular injury and hemozoin (malarial pigment) deposition, the most consistent findings being reticuloendothelial cell hyperplasia. [27] Pigment can be absent in 25% cases of severe malaria with jaundice [12] but is usually present in fatal malaria. [28] In few of our cases, liver histology did not show any pigment, possibly due to administration of anti-malarial both in and outside the hospital prior to biopsy. All our cases were relatively stable, did not expire and none had hyperparasitemia. In all cases, cloudy swelling was present with moderate infl ammation. In a study of 50 patients with proven Pf malaria with jaundice, histo-pathological examination was done in 20 patients with serum bilirubin level 3-10 mg%. It showed evidence of swollen hepatocytes in 100%, malarial pigment deposition in 75%, infl ammatory infi ltrates in 60%, congestion of hepatocytes in 50% and associated centrizonal necrosis in 25% of cases. [12] The autopsy of the livers of those with fatal malaria in another Indian study were Kupffer-cell hyperplasia, malarial pigment within the Kupffer cells, and liver-cell necrosis, with portal infl ammation, steatosis and cholestasis being observed in some. [28] In Indian studies, mortality in severe malaria with hepatitis and associated other systemic involvement range from 12.4% to over 50%. [19, 20, 26] Mortality in study group was 10%, (two had cerebral malaria) and statistically not significant compared with those without jaundice signifying malarial jaundice in our part is mainly due to hemolysis rather than hepatocellular, even though the liver function tests in Group A was signifi cantly worse than Group B without jaundice. The wide variation in reports of jaundice and hepatocellular dysfunctions in severe malarial infection may be due to the geographic conditions, endemicity of malaria in the region from where the reports have originated, the age groups studied, the epidemic form of infections reported and coexistent viral hepatitis or helmenthic infections endemic to that particular area. [9] The higher tertiary care centers are likely to receive more serious patients and thereby report higher incidence of organ dysfunction like ARF in our series in the case of severe and complicated malaria. It is known that jaundiced malarial patients have more complications like cerebral malaria, acute renal failure, pulmonary edema and shock, [17, 29] which actually may be the primary cause of mortality.
At the end of 28 th day, 14% (9 of 64) had abnormal liver functions but were clinically stable and asymptomatic [ Figure 1 ]. Hepatic dysfunction is reversible in all the patients developing malarial hepatopathy, who respond favorably to antimalarial therapy and no residual effects have been documented in survivors. [10, 30] In Group B, mortality was slightly higher (11%) but heavy parasitemia was lesser (16%) compared to those in study group. Khan, et al.: Acute complicated malarial hepatopathy mimmicking viral hepatitis or liver failure is not uncommon. Prognosis is good with early treatment
Treatment
Quinine and artesunate were used in the more serious cases compared to the group treated with quinine alone. The group treated with artesunate showed a shorter fever-clearance time and higher parasite clearance [ Table 3 ]. The mortality was nil in quinine-treated group; but, cases with serious co-morbid conditions were treated with the combination therapy where all the deaths occurred. The rationale for the combination therapy was that quinine alone cannot induce rapid clearance of the ring-form-infected RBCs and most importantly, it does not reduce the subsequent cytoadherence, [31, 32] whereas artemisinin compounds have these important therapeutic effects -desirable in complicated PF malaria where cytoadherence probably plays the central role in the pathophysiological processes especially in the liver, brain and kidneys. In addition, they have a very rapid in vivo antimalarial activity on the asexual erythrocytic forms [33] thereby quickly bringing down the parasite load. We also presumed that the cases were relatively resistant to quinine since, [34] we found ring forms of the parasite in 89% of our study group. Moreover, all our cases were treated previously with antimalarials, before presenting to our hospital, and still had a complicated course. We continued quinine because it was given in inadequate dosage outside in the majority. Moreover, the blood concentration of quinine rises progressively to reach the highest serum level in severe disease due to reduced systemic clearance [35, 36] and by this way a larger number of mature trophozoites can be destroyed thereby possibly giving a prolonged benefi cial effect. We did not fi nd clinically signifi cant toxicity in the artesunate-treated group compared with quinine alone. In general, this combination showed a favorable effect in life-threatening malaria.
CONCLUSION
Malarial hepatopathy is not ucommon in North-East India, but hemolysis is the major cause of jaundice rather than hepatitis. Associated organ failure and hypoglycemia, and not jaundice, are associated with higher mortality. There may be different mechanism in pathogenesis of malarial jaundice with deranged liver function in our region whose profi le varies from other parts in terms of presence of hepatitis. There are some differences in our fi ndings, which were reported from other parts of the world, the most common cause of jaundice being unconjugated hyperbilirubinemia associated with heavy parasitemia, whereas hypoglycemia being very common is not always associated with hyper-parasitemia. We will have to be vigilant to malarial emergencies with extra-cerebral manifestations and treat them adequately. Supportive measures from other allied discipline are needed, as multisystem involvement in Pf infection is common. Interestingly, Pv infection can also lead to hepato-renal complications as well as cerebral malaria, and mixed infection is not uncommon.
In our region, complicated malaria with hepatopathy (and ARF) are increasing, as observed in the present study and they need to be distinguished from acute fulminant viral hepatitis with type I hepatorenal syndrome. Malaria shows, as compared to viral hepatitis, ALT>AST (usually 2-3xULN), predominantly unconjugated bilirubinemia, mildly elevated prothrobin time, and the associated renal failure is correctable rapidly with early dialysis and specifi c antimalarials given in adequate dosage. The diagnosis is confi rmed by a positive PBS and newer sensitive tests. A high index of suspicion is warranted especially in cases presenting with high fever and jaundice, as the mortality can increase with delay in starting antimalarials. Deranged liver functions are signifi cantly common in severe malarial infection; however, histologically severe hepatic infl ammation is probably not a major factor in our region. The hepatic dysfunctions recover without any persistent short-term hepatic complications. However, mortality is not different from those without hepatopathy. 
